1. Introduction {#sec1}
===============

Global warming following climate change has been causing direct effects such as natural disasters including drought and flood, as well as indirect effects such as an increase in the number of air pollutants as well as expansion of allergens [@bib1]. With the initiation of the Climate Change Regime enacted in the year 2015 in the Paris Convention on Climate Change, the importance of climate change has come to the fore once again [@bib2].

With the rise in the annual mean temperature, the blossoming season picked up its speed, resulting in an increase in both the amount of pollen being created and the number of people being exposed to them. Accordingly, the prevalence rates of allergic diseases, including allergic rhinitis (AR), asthma, atopic dermatitis (AD), and allergic conjunctivitis, are increasing [@bib3], [@bib4].

It is very likely that if symptoms of AD develops at infancy, it may lead to AR and asthma during adulthood [@bib5]; allergic disease may vary with people's growth processes.

One of the main reasons for the development of these allergic diseases is pollen, and according to a domestic study conducted in 2010--2011 involving respiratory allergic patients' skin, 34.14% showed a positive reaction to tree pollen and 28.65% to weed pollen [@bib6]. Other studies including allergic skin tests have also been conducted domestically and internationally [@bib7], [@bib8], [@bib9].

Air pollutants that have been formed due to climate change may deform epidermis, affecting the immune reaction, and by mixing with pollen, may increase the chances of allergic diseases such as asthma, AR, and allergic conjunctivitis [@bib10], [@bib11], [@bib12], [@bib13], [@bib14]. Moreover, it is reported that they may lead to skin problems such as AD [@bib15].

A lot of research works on allergic diseases and air pollution have been conducted. Out of these, several studies were conducted in children and adolescents, and the main finding was that there is a significant correlation between allergic diseases, such as AR and asthma, air pollutants, such as fine dust (PM~10~) and sulfur dioxide (SO~2~) [@bib16], [@bib17], [@bib18].

Domestically, the Korean Academy of Pediatric Allergy and Respiratory Disease and the National Institute of Meteorological Sciences have made efforts to prevent these diseases, and succeeded in inventing a model for predicting pollen concentration in the atmosphere by utilizing meteorological elements such as precipitation and temperature. Moreover, regional forecast is provided by calculating the pollen risk index. Pollen observation is done throughout the year, from February to November, excluding January and December. By months, tree pollen is closely examined during March--May, whereas grass pollen is examined in May--September and weed pollen in August--October [@bib19].

Most of the existing researches in infants and teenagers have analyzed the association by utilizing data on allergic diseases, weather, or air pollution. This study has been conducted for all age groups with an aim to understand the association between the number of outpatients with allergic diseases, air pollutants by pollen types, and pollen risk indexes by analyzing their interconnectivity, with the help of additional data on pollen risk index.

2. Materials and methods {#sec2}
========================

2.1. Meteorological data {#sec2.1}
------------------------

Korea's modern weather observation initiated in the year 1904 by observing the temperature, precipitation, and atmospheric pressure, and in the year 2000, Automated Synoptic Observation System was brought about, automating weather observation by improving aspects that required examining with the human eyes. The Meteorological Administration is operating the Regional Meteorological Office as well as the Meteorological Station, and is automatically observing 11 factors regionally, including atmospheric pressure, temperature, wind direction, wind speed, humidity, precipitation, likeliness of rainfall, insolation, sunshine duration, surface temperature, and grass temperature, as well as manually observing five factors, including visual range, cloud cover, cloud formation, evaporation loss, and earth temperature.

Meteorological data were provided by the Meteorological Administration, and meteorological factors observed by cities from the year 2003 to 2011 were processed and utilized.

2.2. National Health Insurance Service data {#sec2.2}
-------------------------------------------

National Health Insurance Service data can largely be divided into the claims data related to the claims of the care facility, and medical expenses aid for the medical service recipients and its qualification data. Here, claims data are related to the care facility's claim on medical services, and have information on each claim's moment of treatment as well as respective disease information.

In order to proceed toward the analysis of climate change and the effects of allergens on allergic diseases, this study utilized National Health Insurance Service's health insurance claims data and qualification data, accumulated from the year 2003 through 2011, regarding several allergic diseases including AR (J30), asthma (J45), and AD (L20). For the variables, factors needed to process the data, such as personal ID, area of residence, start date of treatment, classification code, type of treatment, major/minor diseases, and the days of hospitalization, were used.

2.3. Air pollution data {#sec2.3}
-----------------------

For the air pollution data, the National Institute of Environmental Research is operating 233 Air Pollution Monitoring Networks (as of 2008) in 71 cities in order to figure out the mean air concentration level of air pollutants in the city areas. Twenty-seven networks are operated in Seoul, 17 in Busan, 11 in Daegu, 15 in Incheon, seven in Gwangju, seven in Daejeon, 14 in Ulsan, 64 in Gyeonggi, seven in Kangwon, seven in Chungbuk, seven in Chungnam, 10 in Jeonbuk, 12 in Jeonnam, 11 in Gyeongbuk, 15 in Gyeongnam, and three in Jeju. Measurement items in relation to the atmospheric environmental standards include SO~2~, carbon monoxide (CO), nitrogen dioxide (NO~2~), fine dust (PM~10~), and ozone (O~3~), which are measured once every hour.

In this study, in order to evaluate the effect of each region's daily air pollution concentration level on people's health, daily midvalue was selected using hourly observation values and 24 observation values of each observation spot. Seoul calculated its hourly midvalue by averaging the hourly observation value collected from 27 networks, and utilized 24 midvalues per day in this study. For example, for the daily midvalue, ozone concentration was calculated using the maximum value of all moving average values collected every 8 hours.

2.4. Pollen risk index data {#sec2.4}
---------------------------

Data related to pollen were provided by the National Institute of Meteorological Research. Pollen is thought to be the main cause of allergic diseases including asthma, rhinitis, and conjunctivitis. Pollen can be classified into the following major types: tree pollen, weed pollen, and grass pollen; they reach their peak two times a year (March--May and September--October). Normally, tree pollen occurs during spring, followed by grass pollen during summer and weed pollen during fall.

Developed countries are already providing regional pollen maps and pollen calendars, and are also engaging in pollen forecast during the pollen peak seasons. Likewise, within the seven regions in Korea (Seoul, Gyeonggi-do, Kangwon-do, Jeollanam-do, Jeollabuk-do, Gyeongsangbuk-do, Gyeongsangnam-do, Chungcheongnam-do, Chungchengbuk-do, and Jeju-do), pollen is observed in a total of 12 places. The Meteorological Administration estimates pollen allergic risk indexes by putting the observed pollen values into the self-developed forecast equation diversified by pollen types. The pollen risk index has four stages: the first stage is weak, followed by caution, dangerous, and very dangerous stages. In this study, analysis of data was carried out utilizing tree and weed pollen risk indexes.

2.5. Statistical analysis {#sec2.5}
-------------------------

The data related to air pollutants, pollen risk indexes, and outpatients with allergic diseases were analyzed with descriptive statistics and a statistical model. In particular, the number of average outpatients per day as the response variable followed the Poisson distribution so that the generalized additive model (GAM) was used with lag effects for this analysis.

The GAM is an extension of the generalized linear model that could be used for nonlinear regression between dependent and independent variables in time-series data. The basic GAM model can be in a nonlinear form:$$Ε\left( Y \middle| X_{1},\ X_{2,\ }\ldots,\ X_{Ρ} \right) = \beta_{0} + S_{1}\left( X_{1} \right) + S_{2}\left( X_{2} \right) + \ldots + S_{P}\left( X_{P} \right)S_{1}X_{1}$$where $S_{i}\left( X_{i} \right)$, *i* = 1, 2, 3, \..., *p* is nonparametric smooth function (smoothing spline) for independent variable *X*~*i*~.

3. Results {#sec3}
==========

3.1. Descriptive statistics of allergic diseases, level of pollen, and air pollutants {#sec3.1}
-------------------------------------------------------------------------------------

In the seven cities in Korea, we analyzed the number of average daily outpatients for gender and age groups for each disease, such as AR, asthma, and AD.

[Table 1](#tbl1){ref-type="table"} shows the descriptive statistics of some demographics in Korea from 2003 through 2011. The number of average daily outpatients with AR for gender and age groups during spring was generally smaller than that during fall. Whereas the number of outpatients older than 65 years of age in spring was higher than those in fall (25.0 ± 37.2 compared with 23.4 ± 35.5). The number of outpatients for age group in spring and fall season was gradually decreased until 13--18 years.

With regard to gender, the number of average daily female outpatients tended to be higher than their male counterparts in two seasons (125.1 ± 162.2 and 105.4 ± 135.5, and 151.0 ± 200.2 and 128.8 ± 168.0, respectively).

On comparing the data for asthma during spring and fall, the number of average daily outpatients in spring tended to be higher than that in fall (966.5.1 ± 1,124.9 and 959.2.4 ± 1,127.1, respectively). With respect to gender, the number of average daily male outpatients with asthma was higher in fall (465.6 people) that that in spring (453.9 people). Unlike the case of male patients, the number of average daily female outpatients with asthma in spring was higher than that in fall. Regarding age groups, except for 1--6-year and 7--12-year groups, the number of average daily outpatients with asthma in each group is more during spring compared with the number during spring.

The analysis for AD during 2003--2011, there were no variables that appeared in more than average daily 2 outpatients.

The measures of PM~10~, NO~2~, SO~2~, O~3~, and CO in spring during 2003--2011 were 63.2802, 0.0228, 0.0045, 0.0491, and 0.4495, respectively, whereas the amount of air pollutants in fall tends to be lower than that in spring. Except for daily average concentration of PM~10~, the others are similar during the two periods. The concentration of PM~10~ is higher during spring than that during fall ([Table 2](#tbl2){ref-type="table"}). The reason can be found in the influence of dust comes off from the Chinese.

[Figure 1](#fig1){ref-type="fig"} shows the trends of average daily outpatients with allergic diseases with respect to tree and weed observation risk indexes from 2003 to 2011. The number of average daily outpatients with AR increased to almost 180 (146%) between 2003 and 2011, and the number of those with asthma also increased to 180 (24%) during the same years. Conversely, the number of average daily outpatients with AD decreased to 130 (39%) during the same period.

In comparison with the observation risk, trees observation risk index trend went up and down. Especially, the tree index decreased for all diseases such as AR (1.64--1.09), asthma (1.69--1.11), and AD (1.64--1.09) until 2006. After 2006, those indexes increased to 2.20 for AR until 2008, to 2.28 for asthma until 2009, and to 2.22 for AD until 2008. After each points maximized rising up, that' indexes decreased to 1.61 for AR, 1.66 for asthma, and 1.62 for AD until 2011. Similar to the trend of tree observation risk index, the weed observation risk index also showed the trend of increasing and decreasing during 2003--2011. That's index increased 1.23 to 1.07 until 2005. After 2005, that index went up and down until 2011 and finally stabilized at 1.41 for all diseases such as AR, asthma, and AD in 2011.

To estimate the influence of air pollutants on outpatients with AR, asthma, and AD, we conducted statistical analysis with GAM ([Table 3](#tbl3){ref-type="table"}). During spring (April--May), there was a highly significant positive association of NO~2~ (43.00967 ± 0.11284), CO (0.59680 ± 0.00426), and tree observation risk (0.05864 ± 0.00102) with AR. Whereas there was a significant negative association of PM~10~ (--0.00096 ± 0.00003), SO~2~ (--41.84247 ± 0.76006), and O~3~ (--8.08943 ± 0.09434) with AR. PM~10~ (0.00003 ± 0.00001), NO~2~ (52.01837 ± 0.06452), and CO (0.28861 ± 0.00246) had a highly significant positive correlation with asthma, whereas SO~2~ (--29.85902 ± 0.41395) and O~3~(--8.00023 ± 0.05729) had a significant negative correlation. Lastly, AD was shown to have a highly significant positive correlation with PM~10~ (0.00009 ± 0.00002) and NO~2~ (59.34203 ± 0.09460), and highly significant negative correlations with SO~2~ (--63.48328 ± 0.63210), O~3~ (--5.48426 ± 0.07969), CO (--0.09750 ± 0.00342), and tree observation risk (--0.00793 ± 0.00088).

Relationship between air pollutants and diseases during fall (September--October), AR was found to have a significant positive association with NO~2~ (63.18331 ± 0.15300), SO~2~ (79.40926 ± 1.26465), O~3~ (0.40493 ± 0.10363), weed observation risk (0.07412 ± 0.00160), and the number of outpatients with AR, but a significant negative association with PM~10~ (--0.01405 ± 0.00007) and CO (--0.14895 ± 0.00512). There was a significant positive association between asthma and NO~2~ (56.20960 ± 0.08115), SO~2~ (79.96389 ± 0.63530), weed observation risk (0.03753 ± 0.00088), and a significant negative association between asthma and PM~10~ (--0.01243 ± 0.00004), O~3~ (--3.44282 ± 0.05736), and CO (--0.19205 ± 0.00250). Finally, AD was shown to have a significantly positive association with NO~2~ (60.15389 ± 0.13209), SO~2~ (67.80260 ± 1.04455), and weed observation risk (0.06938 ± 0.00147), and a significant negative association with PM~10~ (--0.01496 ± 0.00007), O~3~ (--4.33264 ± 0.09274), and CO (--0.50693 ± 0.00380).

Especially, the estimates of NO~2~ \[AR (43.00967 ± 0.11284), asthma (52.01837 ± 0.06452), AD (52.01837 ± 0.06452), *p* \< 0.001\] in spring were highly statistically significant and showed a positive association with all diseases.

SO~2~ also showed a highly significant and positive association with all diseases \[AR (43.00967 ± 0.11284), asthma (52.01837 ± 0.06452), AD (52.01837 ± 0.06452), *p* \< 0.001\] was in fall.

4. Discussion {#sec4}
=============

We collected data from the National Health Insurance Service's disease data, Meteorological Administration's meteorological data, National Institute of Meteorological Research's pollen risk index data, and National Institute of Environmental Research's air pollution data, and analyzed the trends of the collecting data using statistical methods.

From the statistical outputs, there are some significant results among allergic diseases, pollen risk index, and air pollutants with outpatients.

AR was shown to have a highly significantly association with PM~10~, NO~2~, SO~2~, O~3~, CO, tree observation risk, and weed observation risk during spring and fall. It was proved that there is a significant association between the emergence of AR patients and the concentration levels of air pollutants such as pollen, SO~2~, CO, NO~2~, and PM~10~ [@bib20], [@bib21], [@bib22].

Asthma showed a highly significant association with PM~10~, NO~2~, SO~2~, O~3~, CO, and weed observation risk during fall. However, during spring, there was a highly significant association between asthma and PM~10~, NO~2~, SO~2~, O~3~, and CO, except for tree observation risk. In accordance with other studies conducted on the association between air pollutants and pollen, setting the number of emergency room visits and emergency room phone calls due to aggravation of asthma as variables, it could be concluded that the number of emergency room visits due to asthma has a correlation with the concentration levels of pollen, ozone, PM~10~, NO~2~, SO~2~, O~3~, and CO [@bib23], [@bib24], [@bib25], [@bib26].

Lastly, AD was shown to have a significant association with PM~10~, NO~2~, SO~2~, O~3~, CO, and weed observation risk during spring and fall. According to a study done on climate change and AD, there is a correlation between the concentration levels of SO~2~, O~3~, CO, and NO~2~, and the occurrence of AD [@bib27], [@bib28].

Actually, other studies have shown that the effects of air pollutants and pollen on other diseases multiply. Kampa and Castanas [@bib29] and Künzli et al [@bib30] stated that air pollutants such as PM~10~, NO~2~, SO~2~, O~3~, and CO contribute to acute and chronic effects on human health and have an effect on increased mortality and morbidity. Therefore, these pollutants affect many different systems and organs, causing minor upper respiratory irritation to chronic respiratory and acute respiratory infections in children and chronic bronchitis in adults, aggravating pre-existing heart and lung disease or asthmatic attacks. Nonetheless, another study states that in regions severely contaminated with SO~2~, the rate of allergic diseases decreases [@bib31]. Kim [@bib14] explained the mechanism of how climate change increases and aggravates AD, but stated that there are no epidemiologic data to support the relationship between climate change and AD [@bib26]. There are also studies stating that there is no correlation between air pollutants and allergic diseases, different from the idea denoted in this study [@bib32].

This study has several limitations. First of all, within the analysis of the inpatients by disease type, there were no pollen or air pollutants that had statistically approvable correlations. This is assumed to be the result of having only a few patients being hospitalized for allergic diseases.

Second is that the study did not use PM~2.5~ as an air pollutant. In a lot of dissertations, PM~2.5~ was used as a variable. As the effect of PM~2.5~ on the human mechanism is being stressed more than before, analysis of this variable is of concern.

The third aspect is that the number of allergic disease patients counted using the claims data of the National Health Insurance Service could have been underestimated, as patients suffering from allergic diseases are not classified as allergic disease patients if not officially treated in a hospital.

Lastly, the study failed to take into consideration the individual level of exposure to air pollutants, and pollen level by smaller regions. For the air pollutant, the individual levels of exposure were not considered, and also for the pollen risk index, it was calculated as the same risk index if a particular region was classified as the same city or province.

Domestically and even internationally, various studies on allergic diseases are being conducted. However, not many studies related to similar studies. In the need of creating grounds to back up these efforts, additional studies on allergic diseases, as well as researches utilizing pollen data, air pollution data, and the claims data provided by the Health Insurance Corporation that has no problem in the representativeness of the data that have close relationships to the allergic disease, will be needed.
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![Trends for the number of average daily outpatients with allergic diseases, tree observation risk, and weed observation risk during 2003--2011. (A) Allergic rhinitis, (B) asthma, and (C) atopic dermatitis.](gr1){#fig1}

###### 

Descriptive statistics of AR, asthma, AD.

  Variable      AR      Asthma          AD                              
  ------------- ------- --------------- ------- ----------------- ----- ---------------
  Spring                                                                
   Male         3,538   105.4 (136.5)   3,538   453.9 (523.6)     307   0.743 (0.638)
   Female       3,538   125.1 (162.2)   3,538   512.6 (602.2)     307   0.593 (0.594)
   Outpatient   3,538   230.5 (298.1)   3,538   966.5 (1,124.9)   307   1.336 (0.606)
   1--6 y       3,538   53.6 (62.6)     3,538   328.0 (372.5)     307   1.121 (0.663)
   7--12 y      3,538   29.1 (36.6)     3,538   113.4 (138.3)     307   0.127 (0.362)
   13--18 y     3,538   14.3 (19.4)     3,538   37.9 (47.4)       307   0.023 (0.150)
   19--64 y     3,538   108.5 (149.1)   3,538   339.6 (421.2)     307   0.059 (0.235)
   ≥65 y        3,538   25.0 (37.2)     3,538   147.7 (178.6)     307   0.007 (0.081)
  Fall                                                                  
   Male         3,538   128.8 (168.0)   3,538   465.6 (539.5)     637   0.724 (0.653)
   Female       3,538   151.0 (200.2)   3,538   493.6 (588.6)     637   0.578 (0.668)
   Outpatient   3,538   279.8 (367.5)   3,538   959.2 (1,127.1)   637   1.301 (0.668)
   1--6 y       3,538   67.3 (79.2)     3,538   366.2 (421.8)     637   1.064 (0.673)
   7--12 y      3,538   39.1 (50.5)     3,538   120.1 (147.5)     637   0.138 (0.367)
   13--18 y     3,538   20.3 (30.4)     3,538   32.1 (40.8)       637   0.017 (0.130)
   19--64 y     3,538   129.8 (181.8)   3,538   314.1 (395.3)     637   0.068 (0.251)
   ≥65 y        3,538   23.4 (35.5)     3,538   126.7 (159.3)     637   0.014 (0.118)

AD = atopic dermatitis; AR = allergic rhinitis; SD = standard deviation.

###### 

Descriptive statistics for air pollutants during 2003--2011.

  Variable            No. of days   Means (SD) of AP concentration (ppm)
  ------------------- ------------- --------------------------------------
  Spring (Apr--May)                 
   PM~10~             2,809         62.792 (44.276)
   NO~2~              2,871         0.023 (0.011)
   SO~2~              2,825         0.004 (0.002)
   O~3~               2,898         0.049 (0.013)
   CO                 2,915         0.450 (0.274)
  Fall (Sep--Oct)                   
   PM~10~             2,680         41.044 (21.406)
   NO~2~              2,775         0.020 (0.010)
   SO~2~              2,765         0.004 (0.001)
   O~3~               2,864         0.036 (0.013)
   CO                 2,827         0.420 (0.277)

AP = air pollutant; SD = standard deviation.

###### 

Generalized additive model analysis of allergic diseases, air pollutants, and pollen risk indexes.

  Variable        Allergy rhinitis          Asthma                    Atopic dermatitis
  --------------- ------------------------- ------------------------- -------------------------
  Spring                                                              
   PM~10~         --0.00096 (0.00003)^†^    0.00003 (0.00001)\*       0.00009 (0.00002)^†^
   NO~2~          43.00967 (0.11284)^†^     52.01837 (0.06452)^†^     59.34203 (0.09460)^†^
   SO~2~          --41.84247 (0.76006)^†^   --29.85902 (0.41395)^†^   --63.48328 (0.63210)^†^
   O~3~           --8.08943 (0.09434)^†^    --8.00023 (0.05729)^†^    --5.48426 (0.07969)^†^
   CO             0.59680 (0.00426)^†^      0.28861 (0.00246)^†^      --0.09750 (0.00342)^†^
   Tree_ObsR\*    0.05864 (0.00102)^†^      --0.00086 (0.00059)       --0.00793 (0.00088)^†^
   Intercept      4.57381 (0.00527)^†^      5.95405 (0.00323)^†^      5.02326 (0.00458)^†^
  Fall                                                                
   PM~10~         --0.01405 (0.00007)^†^    --0.01243 (0.00004)^†^    --0.01496 (0.00007)^†^
   NO~2~          63.18331 (0.15300)^†^     56.20960 (0.08115)^†^     60.15389 (0.13209)^†^
   SO~2~          79.40926 (1.26465)^†^     79.96389 (0.63530)^†^     67.80260 (1.04455)^†^
   O~3~           0.40493 (0.10363)^†^      --3.44282 (0.05736)^†^    --4.33264 (0.09274)^†^
   CO             --0.14895 (0.00512)^†^    --0.19205 (0.00250)^†^    --0.50693 (0.00380)^†^
   Weeds_ObsR\*   0.07412 (0.00160)^†^      0.03753 (0.00088)^†^      0.06938 (0.00147)^†^
   Intercept      4.49626 (0.00566)^†^      5.98665 (0.00302)^†^      5.20951 (0.00490)^†^

\**p* \< 0.01.

^†^*p* \< 0.001.

ObsR = observation risk; SE = standard error.
